The Radial Artery for Myocardial Revascularization  by Brodman, Richard F. & Frame, Rosemary
The Radial Artery for Myocardial 
Richard F. Brodman and Rosemary Frame 
Previous long-term studies have documented poor pa- 
tency of saphenous-vein grafts compared with internal 
thoracic artery grafts. After the revival of the use of the 
radial artery (RA) by Acar et all’ I began a prospective 
evaluation of routine use of RA grafts in patients 
undergoing coronary artery revascularization in Novem- 
ber 1993. My harvesting technique derived from the 
principles espoused by Henry,’ and from an extensive 
review of forearm a n a t ~ m y , ~  is described in this article. 
Patients and Methods 
From November 1993 to May 1996, 197 of 278 consecu- 
tive coronary artery bypass graft CABG patients that 
were referred to me have received RA grafts. Use of 
hilateral RA harvesting was initiated in June 1994. 
Recipients coiisisted of 149 men (75.6%) and 48 women 
(24.4%). Mean age (? SD) was 61.35 * 11.59 years 
(range 1 to 88); mean body-surface area was 1.95 -+ 
0.21 m2. Mean ejection fraction was 59.29 f 14.43% 
(range 10 to 85). Six patients (3.0%) underwent a 
previous CABG. All patients were referred for coronary 
artery disease except for a l-year-old child who was 
referred for repair of anomalous origin of the left 
coronary artery. Additional patient information is found 
in Table 1.  
Preoperatike noninvasive assessment of forearm col- 
lateral flow currently includes the modified Allen’s test 
and oximetric plethysmography with a calculated perfu- 
sion index (modified BIOX 3700 Pulse Oximeter, Ohm- 
eda Inc., Louisville, CO).4 Postoperative assessment 
included repetition of the preoperative noninvasive 
assessment, evaluation for infection, hand ischemia, or 
dysesthesia in the distribution of the lateral ante- 
brachial cutaneous nerve or  superficial branch of the 
radial nerve. Elective postoperative angiographic assess- 
ment was performed in 60 patients.5 Annual contact was 
made with patients for follow-up status. 
Blood pressures (BPs) were checked by alternating 
forearms before surgery to determine the range of BPs 
in each arm; for bilateral harvesting, BPs were checked 
using the lower extremities after surgery until day 4 
postoperatively when the upper extremities were again 
used, in an alternating fashion. Phlebotomy was avoided 
in the volar aspect of the arm(s) to be used for surgery 
preoperatively. Intraoperatively, all patients’ hemody- 
namic parameters were monitored using Swan-Ganz 
(VIP Model 93A-831H, Baxter Healthcare Corpora- 
Revascularization 
tion, Irvine CA) catheters. For patients undergoing 
bilateral RA harvesting, a left subclavian-vein multilu- 
men catheter (Arrow-Howes Model CS14703, Arrow 
International Inc., Reading, PA) was used for fluid and 
medication administration and to facilitate blood draw- 
ing. For patients undergoing unilateral RA harvesting, 
the contralateral upper extremity was used for all 
intravenous and arterial monitoring lines. Femoral or 
axillary arterial lines were placed for patients undergo- 
ing bilateral RA harvesting. Standard cardiac anesthe- 
sia management was provided that consisted of narcotic 
relaxants in the majority of patients. Recently, use of a 
low-dose narcotic inhalation technique to allow for 
early extubation has begun. 
Data were analyzed via SPSS for Windows, Version 
6.1 (SPSS Inc. Chicago, IL). Means * SD were calcu- 
lated. Data were compared using independent t-tests. 
Statistical significance was set at P 5 .05. 
Results 
Seventy-seven patients did not undergo RA harvest; the 
reasons why are summarized in Table 2. In an attempt 
to achieve total arterial revascularization with mini- 
mized use of saphenous vein grafts SVGs, 125 of the 197 
patients received total arterial revascularization using a 
combination of internal thoracic artery (ITA) and RA 
grafts. A total of 264 RAs were harvested from the 197 
patients, ie, 67 patients had bilateral RAs harvested. 
Two patients had two separate aorta-coronary grafts 
fashioned from one RA. One hundred fourteen patients 
(87.7%) had one RA harvested from the nondominant 
forearm; 16 patients (12.3%) had the RA harvested 
from the dominant forearm because of positive preop- 
erative assessment in the nondominant forearm. The 
mean length of RA harvested was 19.5 t 8.92 cm (range 
7 to 24). Mean maximum creatine phosphokinase level 
was 438.23 -t 399.54 IU/L (range 0 to 2989); mean 
maximum MB fraction was 8.77 t 4.51% (range 0 to 
33%). 
For all 197 patients, the mean cardiopulmonary 
bypass time was 90.08 * 35.6 minutes (range 23 to 245); 
mean cross-clamp time was 56.82 * 22.93 minutes 
(range 0 to 199). The mean total number of bypass 
grafts was 3.27 -+ .97, with 2.81 -+ 1.0 arterial grafts 
and 0.43 -t 0.65 venous grafts. In the first 50 patients, 
there was a mean of 3.02 grafts (range 2 to S), with a 
mean of 2.38 2 0.60 (range 1 to 4) arterial grafts per 
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TABLE 1. Preoperative Patient Characteristics 
Urgency 
Emergent: 11 patients (operation within 24 hours of catheterization) 
Urgent: 117 (operation within 7 days of catheterization) 
Elective: 68 
Class I: 11 patients 
Class 11: 54 
Class 111: 38 
Class IV: 93 
Risk factors 
Diabetes 
New York Heart Association Classification for angina 
Type I: 25 patients 
Type 11: 40 patients (11 diet controlled; 25 oral agents; 4 unknown) 
Hypertension: 11 7 patients 
Smoking history: 125 patients 
Positive family history: 73 patients 
Increased cholesterol levels (2250 mg/dL): 99 patients 
Previous myocardial infarction: 128 patients 
Congestive heart failure 
This admission: 15 patients 
Previous admission: 23 patients 
Renal failure: 4 patients (creatinine 22.5 mg/dL) 
Ventricular arrhythmias: 11 patients 
Chronic obstructive pulmonary disease: 13 patients 
Previous cerebrovascular accidents: 14 patients 
Carotid disease: 16 patients 
Calcified ascending aorta: 9 patients 
Aortic/iliac disease: 9 patients 
FemoraVpopliteal disease: 35 patients 
Hemodynamically unstable: 10 patients (blood pressure requires 
Shock: 7 patients (systolic blood pressure of 580 mm or evidence of 
Preoperative use of intravenous nitroglycerine: 45 patients 
pressor or mechanical support) 
poor-end organ perfusion) 
patient and 0.52 5 0.65 (range 0 to 2) vein grafts. In the 
last 50 patients, there was a mean of 3.4 grafts (range 2 
to 6) (P = .066) per patient, with 3.18 ? 1.14 (range 1 
to 6) (P < .001) arterial grafts and 0.22 2 0.55 (range 0 
to 2) (I' = .018) vein grafts. In the first 50 patients, 
8270 of the total grafts performed were arterial; in the 
last 50 patients, 94% were arterial (P == .002). This 
supports a change in my philosophy towards use of total 
arterial grafts. Additionally, the use of all arterial grafts 
significantly reduced the cardiopulmonary bypass time 
to 83.1.8 2 27.85 minutes versus 108.03 +- 28.72 
minutes for patients who received mixed veinlartery 
grafts (P < .00l). Similarly, the cross-clamp time was 
Positive bilateral assessment: 20 patients 
Catheterization laboratory to OR: 14 patients 
Patient refused: 13 patients 
Protocol not available: 6 patients 
Single graft required: 6 patients 
Poor physical condition: 5 patients 
Poor left ventricular function: 5 patients 
Renal failure; dialysis patient: 4 patients 
Minimally invasive bypass: 3 patients 
Septic infection in wrist: 1 patient 
Cardiologist said no: 1 patient 
Rule out mediastinal cancer: 1 patient 
Diffuse distal coronary artery disease: 1 patient 
Reoperative procedure: 1 patient 
' n  = 81. 
TABLE 3. RA Graft-Anastomosis* 





Obtuse marginal: 156 
RCA: 87 
'n = 311. 
shorter for patients with all arterial grafts, 52.39 
minutes t 21.44 minutes, versus 65.6 2 27.6 minutes 
(P = .004) for the mixed-graft patients. 
Intraoperatively, in two patients, the RA was deemed 
as not suitable as a graft because of extensive atheroscle- 
rosis and, in an additional patient, the RA was not used 
because the internal diameter was too small (1 mm). 
Two patients who sustained perioperative myocardial 
infarctions died. The RA graft was not involved in 
either patient. Operative mortality for the CABG with 
RA group was 2.0470 (four patients), with an overall 
mortality rate for the entire operative series of 1.8% 
(five patients). 
Graft Anastomoses 
The majority of the left ITAs used were grafted onto the 
left anterior descending artery (LAD) (175 of 182 distal 
anastomoses in 182 patients), whereas the SVG was 
used for revascularizing the right coronary artery 
(RCA) system (61 of 86 SVG grafts). The remainder of 
the SVG were to the obtuse marginal arteries (14 
grafts), diagonal system (8 grafts), and 1 each to the 
distal LAD and to ramus and circumflex systems. Table 
3 summarizes the graft-anastomoses fashioned with the 
RA. This includes 16 patients whose LADS were by- 
passed with a RA conduit. Sixty-nine of the 156 (44.2%) 
RCA-system arteries that were bypassed were 100% 
occluded; 47.2% were bypassed with a SVG, 49.1% 
with a RA graft, and 2 with free right ITA grafts (3.5%). 
With increasing experience, more Y grafts were per- 
formed with the RA (n = 64). 
Follow-Up 
Sixty patients underwent postoperative angiographic 
evaluation 1 day to 40 weeks postoperatively (mean 
11.9 t 8.68 weeks). Patency was 95.7%; 86 of 90 RA 
(95.5%) grafts were perfectly patent.5 Fifty percent of 
patients who were catheterized were receiving a calcium 
channel blocker (45% Diltiazem, Marion Merrell DOW, 
Inc., Kansas City, MO); 82% were receiving aspirin. 
Postoperative volar forearm complications have been 
encountered in nine patients. One patient developed a 
small proximal incisional seroma that was successfully 
drained by needle aspiration. Eight patients suffered 
from transient dysesthesia of the thenar aspect of the 
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hand that resolved in less than 1 day to 8 weeks. There 
were no wound infections. There was no loss of mobility 
of the operated arm, nor was there loss of fine or  gross 
motor control. 
There were no complications during a mean follow-up 
of 15.16 f 8.76 months (range .07 to 30.5 months), 
including late development of arm or  hand ischemia, 
loss of motor function, or  myocardial infarction. Eighty- 
eight patients returned follow-up surveys at I year and 
23 patients at 2 years. Eighty-seven patients report no 
episodes of chest pain. Four patients use nitroglycerine 
for chest pain. Forty-three percent of the patients 
continue to receive Diltiazem at 1 year postoperatively; 
an additional 12.5% of patients are on other calcium 
channel blockers. This number increases to 52% of 
patients remaining on Diltiazem at 2 years, with an 
additional 4.3% of patients on other calcium channel 
blockers. Fifty-nine percent of the patients are receiv- 
ing aspirin at 1 year postoperatively, and 70% at 2 
years. The most frequently cited reason for discontinu- 
ation of the Diltiazem is physician preference, not side 
effects. 
Two patients died during follow-up; one patient with 
a preoperative ejection fraction of 22% died approxi- 
mately 4 weeks postoperatively from cerebral anoxia 
after an episode of out-of-hospital sudden cardiac 
death. A second patient on amiodarane died approxi- 
mately 9 months postoperatively. 
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SURGICAL TECHNIQUE 
1 Positioning of the patient and upper extremities. For radial artery 
harvest, either or  both upper extremities are abducted at slightly greater 
than 90% from the torso on arm boards. Proper position allows the arms 
to remain abducted for the duration of the surgical procedure, and not in 
the way of the surgeon and assistants who are working in the mediastinum. 
To achieve optional positioning, the patient must be placed about 10 cm 
lower on the operating table so that the shoulders are below the break in 
the side bars along the sides of the table, between the body of the operating 
room (OR) table and the short bar on the headrest. The arm board should 
be padded to the level of the pad on the OR table to avoid hyperextension 
injury to the brachial plexus. The OR table itself should be placed about 
50 cm further from the anesthesia area to provide room for harvest of the 
right radial artery (RRA) by a surgeon standing above the extremity while 
the left ITA is being harvested by another surgeon standing below the right 
upper extremity. The forearm is positioned on the arm board and fixed in 
place with 2-in tape over the palm and around the arm board. The thumb 
is left free. Only the volar forearm and adjacent areas are prepped. A 
plastic drape is placed over the arm board and volar forearm and a 
urology plastic U drape is placed around the forearm, completing the 
draping procedure. The surgical tools required for harvest consist of a 
marking pen, a #10 scalpel, electrocautery, tenotomy scissors, Gerald 
forceps, hemoclips on a block and two clip appliers (small and medium), 
and a small self-retaining retractor. (LRA, left radial artery) 
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2 Superficial anatomic land- 
marks. A curvilinear incision is 
marked from the lateral border of 
the biceps tendon to the curving 
medial belly of the brachioradialis 
muscle in the midforearm to the 
pulse groove in the distal forearm, 
just medial to the radial styloid. 
The brachioradialis border is felt 
by palpitation at the micicentral 
volar forearm with the thumb or 
index finger. The brachioradialis, 
extensor carpi radialis longus, and 
brevis muscles are known as the 
“mobile wad of three.” The distal 
extent of the incision is marked 
hetween the radial styloid and the 
lateral border of the tendon of the 
flexor carpi radialis, the first ten- 
don palpable just medial to the 
radial styloid. These two structures 
define the pulse groove at  the wrist. 
The lateral border of this tendon 
can be fol1owc:d in the distal fore- 
arm for the skin incision. It also provides some orientation to the location of the medial border of the hrachioradialis muscle in 
the midforearm. Use of this curvilinear incision avoids injury to the lateral antebrachialcutaneous nerve because it generally 
follows the curving belly of the brachioradialis muscle. 
3 Dissection from skin to deep 
fascia. The skin is incised to the 
superficial subcutaneous tissue, ex- 
posing the superficial forearm veins. 
A few may require hemoclips, hut 
most may be cauterized and divided 
with the electrocautery. The oppo- 
site hand of the surgeon is used to 
spread the incision during cauter- 
ization, and the cautery is used 
until the following structures are 
reached: in the proximal forearm, 
the deep fascia over the fatty tissue 
in the antecubital fossa (this fatty 
tissue is bounded laterally by the 
brachioradialis and medially by the 
pronator teres); in the midforearm 
to the fascia, over the pronator 
teres and flexor carpi radialis; in 
the distal forearm to the deep fascia 
over the RA and its satellite veins. 
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4 Exposure of the RA along its course in the 
forearm. The deep fascia may be opened in the 
proximal and midforearm using the cautery, 
hut it should not be used in the distal forearm 
because the RA lies just beneath it. The deep 
fascia in the distal forearm should be opened 
using sharp dissection. With the deep fascia 
opened in the forearm from the antecubital 
fossa to the wrist, gentile lateral pressure 
against the mobile wad of three in the mid and 
proximal forearm separates the brachioradia- 
lis muscle from the flexor carpi radialis, the 
pronator teres, and exposes the RA in the 
midforearm. A small self-retaining retractor is 
placed between the belly of the brachioradialis 
and flexor carpi radialis to maintain exposure. 
Additional exposure of the RA is obtained in 
the antecubital fossa by pressing with the 
thumb towards the shoulder against the cut 
edge of the deep fascia. The self-retaining 
retractor may then be better positioned. Along 
the course of the RA, a few, more superficial 
branches to the brachioradialis, flexor carpi 
radialis. and occasionally, the pronator teres become visible. Near the wrist, a lateral venous communication in the 
subcutaneous tissue to the vena comitantes is often present. These are isolated, clipped, and divided. 
5 Inrising the investing fascia. A diapha- 
nous membrane or investing fascia still covers 
the RA pe’dicle. If this is divided sharply along 
the rourse of the RA, the appropriate plane is’ 
entered for isolating all perforating branches 
atraumatically. With this membrane divided 
and thv loose fatty tissue dissected from the 
pedirle in the antevubital fossa, the RA and 
satellite veins become visible throughout its 
course. 
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6 Isolating the perforators of the KA. In 
addition to the radial recurrent artery and the 
superficial palmar artery, the KA gives off 
many perforators. Most of these branches 
come off the dorsal aspect of the RA and travel 
laterally and metlially, though a few perforate 
the nius~?le hellies of the pronator teres and the 
superfivial digital flexor directly beneath the 
RA pc~dicle. In the proximal half of the RA in 
the forearm covered hy the brachioradialis 
musi-le, there are an average of 4.2 hranches 
(rangv 0 to 10). In the distal forearm in which 
the R A  is beneath the subcutaneous tissue, 
there are more smaller and shorter branches 
(9.6 average; range 4 to 14). If harvesting the 
RA petiicle is being performed without an 
assistant, it is efficacious to isolate the perfora- 
tors first, then clip, then divide. If a 4 X 4 is 
used for traction inferiorally, the lateral 
1)rancht.s .ire stretched, and blunt dissection 
with the tip of the tenotomy scissors easily 
isolates thc branches. This technique does not 
traumatize the pedicle. I do not use a vessel 
loop arnund the pedicle. During this portion of 
the dissection, the superficial branch of the radial nerve may he encountered just lateral to the pedicle. The medial perforators 
are then isolated and all are clipped. After dividing the doubly clipped perforating branches, the few remaining dorsal branches 
are qiiicklj dealt with 1)y elevating the pedicle with forceps. If additional proximal length is needed, it is safe to divide the radial 
recurrent artery. The KA pedicle is ligated proximally with a 0-silk ligature and distally with a 5-0 polypropylene suture, and 
the artery i$ divided and removed. In my experience, the average length of a harvested RA (in adults) is 19 cm (range 12 to 24). 
7 Red of dissection with KA re- 
moved. Preparation for forearm 
closure requires meticulous hemo- 
stasis. Forearm closure is per- 
formed before institution of cardio- 
pulmonary bypass. All bleeding or 
oozing sites should be clipped, even 
the slightest oozing site. This avoids 
accumulation of significant amounts 
of blood while the patient is heparin- 
ized and avoids the need to reopen 
the forearm in the OR postopera- 
tively. The cautery should not be 
used in the bed of the removed RA, 
near the mobile wad of three, be- 
cause the cautery might injure the 
superficial branch of the radial 
nerve. 
Closure. Wound closure requires 
two running layers of continuous 
absorhhle  suture. The deep layer 
includes the subcutaneous tissue 
and may or may not include the 
deep fascia. I tend to close the deep layers including the deep fascia in the proximal and midforearm, and I do not include it in 
the distal forearm. A subcuticular layer and steri strips complete the closure. At the completion of the operation, a small linear 
dressing is applied. 
144 BRODMAN AND FRAME 
8 Preparation of the RA free graft. (A) A 3 cc syringe containing the heparinized 
blood solution with a 22-gauge angiocath is used to flush the lumen because the RA is 
often removed before the patient has been heparinized. (B) A vascular bulldog-type 
clamp is placed distally and gentle hydrostatic pressure is used to check for additional 
residual hleediug from perforators. Use of metal clips achieves hemostasis. (C) The 
volar surface of the vessel is marked with methylene blue dots and the distal end is 
beveled with a knife so that the bevel opening faces the volar surface. When the distal 
anastomosis is performed, the blue accented volar surface of the RA free graft faces 
the heart. Because most perforators originate from the dorsal surface, now facing 
away from the heart, bleeding, if it occurs from the pedicle after completion of the 
proximal anastomosis or after weaning from bypass, is easily seen and controlled. 
Also, if no blue is seen when orienting the pedicle for the proximal anastomosis, then 
the pedicle is not twisted. 
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9 Preparation of the RA free graft. The pedicle is placed in a solution consisting of 
SO cc of the patient’s heparinized blood, to which 60 mg papaverine has been added. 
There was also some Diltiazem in the solution because the patient had been given a 
bolus of 0.05 mg/kg Diltiazem at the beginning of the skin incision and a continuous 
infusion drip of 0.15 to 0.2 mg/kg/l min. 
Fashioning the distal anastomosis. A 7-0 or 8-0 polypropylene suture is used. The 
size of the sutures is determined by the size of the coronary artery and not the RA. 
The first stitch is placed in the RA from the outside in, midway between the toe and 
heel on the side away from the surgeon, and the suture is run around the heel of the 
coronary artery and RA before the RA is pulled down the recipient coronary artery. 
The remaining toe half of the anastomosis is completed with the same suture. The 
beveled end of the RA is almost always of satisfactory length for the recipient 
coronary artery because the RAs are, on average, 20% larger than the recipient 
coronary artery, based on our angiographic assessment of these grafts 3 months 
postoperatively. 
Fashioning the proximal anastomosis. When the ascending aorta is used, a 4-mm 
punch is employed and the proximal end of the appropriate length of the RA graft is 
incised lengthwise to provide adequate free margin for the circumference of the 4-mm 
punrhed aortotomy. A running 6-0 Prolene suture (Ethicon, Inc, Somerville, NJ) is used, 
taking care to needle the RA only 0.5 to I mm from the edge with each bite. When a Y 
graft is performed, the RA is sewn end-to-sicle to the ITA using a 7-0 Prolene or an 8-0 
Prolene suture. The RA is generally not undercut further to enlarge its opening. 
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COMMENTS 
In my experience, the RA has had a high degree of 
acceptance by both the patient and cardiologists. Pa- 
tients complain of less pain and easier arnbulation 
postoperatively. The length of stay is shorter for these 
patients: the median is 7 days for RA patients compared 
with a median of 8 days for non-RA patients. A small 
numher of patients experienced postoperative forearm 
complications; none required rehospitalization or  an 
increased length of stay. 
Use of the RA has provided me with an opportunity to 
perform frequent total arterial revascularization. I 
have found the RA(s) particularly useful in obese, 
diabetic patients with peripheral vascular disease. I 
have not experienced a learning curve with RA use that 
has heen associated with the use of the gastroepiploic 
artery noted hy others. From our experience, the RA is 
an excellent arterial conduit. It has a relatively thick 
wall and large diameter, and is capable of withstanding 
systemic pressure. The average harvested length of 
approximately 19 cm allows anastomosis to any of the 
coronary arteries and proximal aortic: anastomosis, if 
desired. With its high short-term patency rate, minimal 
postoperative complications, and ease of harvest, I will 
continue to use the RA routinely, unilaterally or bilater- 
ally, as a concomitant arterial graft with the ITA for 
myocardial revascularization. Low event-free and im- 
proved long-term survival caused 1)y higher long-term 
patency and avoidance of reoperative CABG surgery is 
the intended goal; these early results make me cau- 
tiously optimistic regrading the long-term postoperative 
benefits of total arterial revascularization. 
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